A yellow-pigmented bacterial strain, designated M1-33108 T , was isolated from the till of high Arctic glacier Midtre Lov enbreen near Ny-Ålesund, in the West Svalbard Archipelago, Norway. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain M1-33108 T belonged to the genus Terrimonas and its closest neighbour was Terrimonas arctica R9-86 T with 96.12 % 16S rRNA gene sequence similarity. Cells of strain M1-33108 T were Gram-reaction-negative, aerobic, non-spore-forming, rod-shaped bacteria that lacked motility. Cells contained iso-C 15 : 1 G, iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 0 and summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c) as its major cellular fatty acids and menaquinone-7 as the sole respiratory quinone. The polar lipid profile of strain M1-33108 T consisted of phosphatidylethanolamine, two unknown aminophospholipids, eight unknown aminolipids, an unknown glycolipid and three unknown polar lipids. The DNA G+C content was 45.0 mol%. On the basis of phenotypic, chemotaxonomic and phylogenetic data, strain M1-33108 T is considered to represent a novel species in the genus Terrimonas, for which the name Terrimonas crocea sp. nov. is proposed. The type strain is M1-33108 T (=CCTCC AB 2016103 T =KCTC 52448 T ).
The genus Terrimonas, a member of the family Chitinophagaceae, was proposed by Xie and Yokota [1] . At the time of writing, the genus comprised six species; Terrimonas ferruginea (the type species of the genus, previously described as [Flavobacterium] ferrugineum) [1] , T. lutea [1] , T. aquatica [2] , T. rubra [3] , T. pekingensis [4] and T. arctica [5] . Generally, members of the genus Terrimonas are characterized as Gram-reaction-negative, strictly aerobic, non-motile, nonfilamentous, oxidase-positive and weakly catalase-positive bacteria. These bacteria usually contain iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 as major fatty acids, menaquinone-7 (MK-7) as the predominant respiratory quinone and have DNA G+C contents of 41.0-48.9 mol%. These species were isolated from various environments, such as garden soil, a freshwater spring, polluted farmland soil, bulking sludge and tundra soil. During studies on Arctic bacterial diversity, strain M1-33108 T was isolated from glacial till. This paper deals with the detailed taxonomic characterization of the isolate that is proposed to represent a novel species of the genus Terrimonas.
A bacterial strain, designated M1-33108 T , was isolated from the till of high Arctic glacier Midtre Lov enbreen near NyÅlesund, in the West Svalbard Archipelago (74 58¢ N 10 35¢ E), Norway. Sampling was carried out with clean, surface-sterilized tools. The samples were kept frozen on ice during transport to the laboratory and stored at 4 C until used. Isolation was carried out using the standard dilution plating method on R2A agar (Becton Dickinson, BD) at 28 C. Single colonies on these plates were purified by transferring them onto new plates and subjecting them to additional incubation for 3 days at 28 C. The isolate was routinely cultivated on R2A agar at 28 C and stored following lyophilization.
Genomic DNA extraction from strain M1-33108 T , for 16S rRNA gene sequencing and phylogenetic analysis, was carried out according to the procedure described by Sambrook and Russell [6] . Universal bacterial primers 27F (5¢-GAG TTTGATCCTGGCTCAG-3¢) and 1540R (5¢-AGAAAGGA GGTGATCCAGCC-3¢) were used for amplification of the 16S rRNA gene [7] . PCR and 16S rRNA gene sequencing were performed as described by Lin et al. [8] . Sequence similarities were investigated by NCBI BLAST, and pairwise alignment was calculated using the EzTaxon database [9] . After multiple alignments of the data via CLUSTAL X [10] , phylogenetic trees were then reconstructed on the basis of the neighbour-joining [11] , maximum-likelihood [12] maximum-parsimony [13] algorithms in MEGA version 5.0 software [14] . Evolutionary distances for the neighbourjoining algorithm were calculated with Kimura's twoparameter method [15] , and the topology of the neighbourjoining tree was evaluated by bootstrap analysis on the basis of 1000 replications [16] . Close-neighbour-interchange (search level=2, random additions=100) was applied in the maximum-parsimony analysis. The root position was estimated by using the 16S rRNA gene sequence of Flavobacterium aquatile DSM 1132 T (AM230485) as an outgroup.
The 16S rRNA gene sequence of strain M1-33108 T was a continuous stretch of 1460 bp and was deposited in the GenBank database. Comparative 16S rRNA gene sequence analysis via the EzTaxon-e Server (http://eztaxon-e.ezbiocloud.net/) revealed that strain M1-33108
T shared the highest similarity with T. arctica (96.12 %), followed by T. pekingensis (94.91 %), T. lutea (94.87 %), T. rubra (93.57 %), T. aquatica (93.30 %) and T. ferruginea (92.92 %); these values were below the 97.0 % threshold recommended for the discrimination of different bacterial species [17] . The phylogenetic tree based on the neighbour-joining algorithm ( Fig. 1) showed that strain M1-33108
T was affiliated to the genus Terrimonas in the family Chitinophagaceae and formed a stable monophyletic cluster with T. arctica CCTCC AB 2011004 T , which was also found in trees reconstructed using the maximum-parsimony and maximumlikelihood algorithms (Figs S1 and S2, available in the online Supplementary Material). These results suggested that strain M1-33108 T can be considered as a representative of a novel species within the genus Terrimonas. Based on phylogenetic data, T. arctica CCTCC AB 2011004 T , T.
pekingensis CICC 10452 T , T. lutea CCTCC AB 205006 T and T. ferruginea ATCC 13524 T were used as the reference strains for subsequent comparisons. Prior to testing, all strains were incubated aerobically for 3 or 5 days on R2A agar (BD), at the optimum temperature for their growth.
Growth of the novel isolate on various standard bacteriological media was evaluated at 28 C by using R2A agar, 0.3ÂR2A agar, tryptic soy broth (TSB; BD) agar, MB agar (BD), potato dextrose agar (PDA; BD), nutrient broth (NB; BD) agar and MacConkey agar (BD). Cell morphology was observed by phase-contrast (Olympus BX51), transmission electron (JEOL JEM-1400Plus) and scanning electron (ZEISS SIGMA) microscopy using cells grown on R2A agar at 28 C for 72 h. The morphologies of the colonies were observed after culturing on an R2A agar plate for 5 days at 28 C. Gram staining of cells was carried out as described by Doetsch [18] . Gliding motility was tested according to the procedure described by Bowman [19] . Growth at different temperatures (4, 10, 15, 20, 28, 30, 37 and 42 C) and at different concentrations of NaCl (0, 0.5, 1, 2, 3, 4 and 5 %, w/v) were investigated on R2A agar for up to 10 days. Growth at pH 4-10 (at intervals of 1 pH unit) was determined by measuring the optical density (wavelength 600 nm) of cultures in R2A broth with the pH adjusted prior to sterilization using appropriate biological buffers [20] . Verification of the pH values after autoclaving revealed only minor changes. For physiological characteristics, all tests were performed with cells cultured on R2A agar under optimal growth conditions, unless noted otherwise. Oxidase activity was tested by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine [21] , and catalase activity was determined by bubble production in a 3 % (v/v) hydrogen peroxide solution. Anaerobic growth was evaluated by culturing on R2A agar supplemented with KNO 3 (0.1 %) in a GasPak (BBL) jar at 28 C for 30 days. Poly-b-hydroxybutyrate accumulation was observed by light microscopy after staining the cells with Sudan black [22] . The presence of flexirubin-type pigments was tested by measuring the absorbance spectrum of an ethanol and alkaline-ethanol extract of lysed cells [23] . Hydrolysis of chitin, starch, DNA, gelatin, xylan, CM-cellulose and casein was investigated on R2A agar after 1 week of incubation, according to methods described by Smibert and Krieg [22] . The hydrolysis of Tween 20, Tween 40, Tween 60 and Tween 80 was measured using the formation of an opaque halo of precipitation around the colony [24] . Antibiotic susceptibility was tested using the disc-diffusion method [25] . After incubation at 28 C for 3 days, strains were classified as sensitive or resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic. Resistance to an antimicrobial drug was indicated if no inhibition zone was observed. Additional physiological and biochemical characteristics of the isolate were tested with API ZYM, API 20NE and API 50CH test strips (bioM erieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions.
Chromosomal DNA, extracted and purified from the novel strain as described by Moore and Dowhan [26] , was degraded enzymically into nucleosides and then the DNA G+C content was determined as described by Mesbah et al.
[27] using reversed-phase HPLC (Dionex UltiMate 3000). For cellular fatty acids analysis, the novel strain and the related strains were cultured on R2A plates incubated at 28 C. Cells were harvested from the third quadrant of the quadrant-streaked plate. The extraction of cellular fatty acids was performed according to the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters was performed using a Hewlett Packard 6890N gas chromatograph, with peaks analysed with the MIDI Sherlock TSBA 6 version database [28] . Cell biomass for the analysis of the other chemotaxonomic characteristics was obtained from cultivations in R2A broth at 28 C for 72 h. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. [29] and were identified by HPLC according to the process described by Xie and Yokota [30] . The polar lipids were extracted and identified using two-dimensional TLC according to Tindall [31] .
Strain M1-33108
T grew well at 28 C on R2A agar, 0.3ÂR2A agar, TSB agar and NB agar, but not on MB agar, PDA or MacConkey agar. Cells were strictly aerobic, Gramreaction-negative and rod-shaped, being 0.4-0.6 µm in diameter and 1.3-1.7 µm in length (Fig. 2) . Motility was not observed. Colonies on R2A agar were circular, convex, smooth, shiny, yellow in colour and approximately 1.0 mm in diameter within 5 days at 28 C. Growth temperature ranged between 4 and 30 C, and growth at 37 C was not observed. Growth occurred at pH 6.0-8.0. The optimal Growth at/in:
Enzyme activity (API ZYM)
Esterase lipase (C8)
Assimilation of (API 20NE):
Oxidation of (Biolog GN2): temperature and pH for growth were 28 C and pH 7.0, respectively. The presence of more than 0.5 % (w/v) NaCl inhibited growth of the novel strain in R2A broth. Poly-bhydroxybutyrate accumulation was not observed. As found for other producers of flexirubin-type pigment [32, 33] , the strain exhibited three characteristic peaks at 428, 453 and 479 nm in ethanol, and the addition of 1 % KOH broadened the peaks, which indicated the presence of flexirubin-type pigment in cells of strain M1-33108
T . The novel strain was positive for the oxidase test and weakly positive for catalase. Selected characteristics that differentiate strain M1-33108 T from related species are listed in Table 1 . Cells were sensitive to vancomycin (30 µg), ciprofloxacin (5 µg), tetracycline (30 µg), ampicillin (10 µg), streptomycin (10 µg) and chloramphenicol (30 µg), whereas they were resistant to amikacin (30 µg), polymyxin B (300 IU), gentamicin (30 µg), kanamycin (30 µg) and penicillin G (10 U/IE). Detailed results from the phenotypic and biochemical tests are given in the species description.
The cellular fatty acid profile of strain M1-33108 T ( Table 2 ) mainly consisted of the fatty acids iso-C 17 : 0 3-OH (23.8 %), iso-C 15 : 1 G (12.0 %), summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c, 9.6 %), iso-C 15 : 0 (9.4 %) and C 16 : 0 (7.7 %), which was consistent with the related species in the genus Terrimonas. The differences between strain M1-33108 T and related species were particularly marked with respect to the fatty acid profiles, as strain M1-33108 T contained lower amounts of the major fatty acid iso-C 15 : 0 . Additionally, strain M1-33108 T could be differentiated from the others due to the presence of iso-C 18 : 1 H (4.3 %), summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c, 4.3 %) and C 18 : 0 (3.1 %), which were not detected or only present in small amounts in related species. The quinone system of strain M1-33108
T consisted of menaquinone-7 (MK-7) as the sole respiratory quinone, which is similar with the characteristics reported for other species of the genus Terrimonas [4] . Strain M1-33108 T possessed a polar lipid profile (Fig. S3) composed of phosphatidylethanolamine, two unknown aminophospholipids, eight unknown aminolipids, an unknown glycolipid and three unknown polar lipids. Particularly, the presence of two unknown aminophospholipids could dinstinguish the novel strain from other species in the genus Terrimonas. The DNA G+C content of strain M1-33108 T was 45.0 mol %, which falls within the range of those reported for members of the genus Terrimonas [4] . 
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